Background: Stroke, classically characterized as an acute acquired neurological deficit, is an important leading cause of death and chronic morbidity in children. Aims: This study reported the period prevalence, incidence and risk factors of pediatric stroke in Taiwan. Methods and procedures: All Taiwan inhabitants aged 1 month to 18 years registered in the National Health Insurance Research Database between 2010 and 2011 were enrolled in this study. Factors including age, sex, location and household income levels were collected. Incidence, period prevalence, mortality rate and the possible risks were completely evaluated. Outcomes and results: Hemorrhagic stroke has a significantly higher mortality rate than ischemic stroke (27.6% vs. 10.2%, P<0.05). Risk factors or underlying diseases for stroke were identified in 77.8% of the patients and 16.2% had more than one risk factor. The most common risk factors were vascular diseases (26.3%), infection (14.0%) and cardiac disorders (9.1%). Conclusions and implications: Infants younger than 2 years, boys and children in lower socioeconomic status have a significantly higher risk of stroke. Hemorrhagic stroke has a significantly higher mortality rate than ischemic stroke. More than half of the children with stroke had underlying diseases and the causes of hemorrhagic stroke are significantly different from ischemic stroke.
Introduction
Epidemiological characteristics, causes, signs and symptoms, treatments, and outcomes of stroke for children are very different from adults. Compared with stroke patients, stroke in children are typically considered to be a rare event and not easy to identify immediately due to varying signs and symptoms. Although stroke is often viewed as occurring primarily in the elderly, it also strikes infants and children. Similar to the stroke in adults, pediatric stroke has a high percentage of death and disability. Stroke is one of the top 10 causes of death in children. 1 Among the children surviving stroke, 50-80% would have permanent neurological deficits, especially hemiparesis or hemiplegia. 2 Thus, pediatric stroke has a substantial direct cost and long-term medical financial burden on families and the society. The risk factors of pediatric stroke are another important issue that impedes clinical research. Although there is no single risk factor that predominates, there are two significant proportions including cardiac problems and arteriopathy. 4 The diversity of other risk factors creates a heterogeneous patient population. In addition, the above studies focused on the etiology of pediatric stroke are relevant for ischemic stroke, not hemorrhagic stroke. Some studies inappropriately combined ischemic and hemorrhagic strokes for risk analysis, 5 resulting in the limits of interpretation. Previous study reported arteriovenous malformations (AVMs) are the most common cause of hemorrhagic stroke in children, 6 but other import causes or underline diseases for pediatric hemorrhagic stroke were still not been fully investigated. Furthermore, there are still lack of large population study comprehensively investigated the etiology for stroke in childhood. According to the earlier reports, the prevalence of pediatric stroke was around 5-25/100 000 and the incidence was 1.2-13/ 10 000. [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] As pediatric stroke is uncommon, most epidemiological studies are based on relatively few incident cases and lack power to look for sex or other sociodemographic differences. Also, it is difficult to have a comprehensive insight via investigation on clinical spectrum, causes, patterns, risk factors and outcomes of these children. Furthermore, the situation was worse in Asia, because most of them are single institute investigation 20 or limited to a local area. Although there is a study in Hong Kong that used pediatric stroke registry data, 21 the population was still too small, and it provided little information about pediatric stroke in Asia. Therefore, studies on pediatric stroke associated epidemiology and risk factors were limited and sparse in Asia.
Results from several epidemiological studies of stroke prevalence and incidence in Taiwan have been reported including two National Health Interview Surveys. 22 According to data from 1994 National Health Interview Survey, the crude point prevalence rate was 5.95/1000. The stroke prevalence increased steadily with age, from 0.51/1000 in persons aged 35-44 years to 113.6/1000 in persons aged 85 years or over. However, all these studies focused on adults and did not provide any information about pediatric stroke in Taiwan. A retrospective study reported risk factors and outcomes of pediatric ischemic stroke in Taiwan, 23 but the cases were from a single institution, which cannot provide enough information to understand the overall of children with stroke. The National Health Insurance (NHI) program was implemented in Taiwan in 1995 and provides equitable, affordable and universal healthcare coverage to more than 98% of the 26 million residents of Taiwan. 24 Its comprehensive coverage of the healthcare system and continuous observation provide a unique opportunity to examine this severe but rare event of children groups, as in a natural experiment, allowing the study of individual risk factors, health economics, mortality and outcomes.
In this research, we utilized complete annual NHI admission claims data from 2010 to 2011 to determine the incidence, period prevalence, mortality rates, risk factors or the associated underlying diseases, information about treatments, and symptoms/signs of stroke among children and adolescents. We also examined the rates of prevalence and mortality of the target subjects considering the effects of age, sex, socioeconomic status, geographic variation and urbanization. In addition, we categorized which risks were responsible for ischemic stroke or hemorrhagic stroke. Figure 1 shows the process flow of this study. Sex, age groups and other socioeconomic characteristics (e.g. household income levels, geographic location of residency and urbanization level of household registrations) were analyzed. Age was grouped into five bands (<2 years, 2-5, 6-9, 10-13, 14-18). Household income levels were grouped into four categories of insurance premiums: $NTD>¼ 40 000, 20 000-39 999, 1-19 999 and those without salaries such as unemployed, students or the elderly (we defined as 'dependent'). We used the criteria for urbanization defined by the NHRI Information regarding the township in which each beneficiary resides. 22 All 359 townships in Taiwan have been classified by the NHRI into seven clusters. Based on these criteria, the townships were categorized as rural (levels 5-7), suburban (levels 3 and 4) or urban (levels 1 and 2), as described previously. 25 Geographic location of residency was classified into four regions: northern, central, southern and eastern Taiwan, as in previous NHIRD studies. 26 The northern region has more cities of economic and political importance, whereas the eastern region has less importance. The eastern region has a different demographic structure than other regions, including more indigenous people and less population density. 26 Risk factors or underlying diseases for stroke were primarily according to subjects' data with linking to the registry of catastrophic illness patients (HV 2010-11) of the NHIRD and supplemented by their other relevant ICD-9 coding of the in-patient data when hospitalized due to stroke. HV dataset is from the continuous updated database of Registry for catastrophic illness patients of NHIRD. When the time of a diagnosis code of a patient has been labeled in HV registry earlier than the time of admission due to stroke, we consider the diagnosis code is a risk factor (or underline disease) of the patient. A patient might have more than one underline disease diagnoses in the HV dataset. In addition, for subjects who were hospitalized with definite external causes, the causes should be explicitly recorded in up to two ICD-9 external codes in addition to diagnosis codes. Stroke children's data available from all outpatient data were reviewed for looking into the long-term prognosis.
Materials and methods

Results
Prevalence, mortality rate and incidence
There were totally 4 793 535 children enrolled in NHIRD and 685 children were diagnosed with stroke during the hospital admissions in 2010-11. The 2-year-period prevalence is 14.2 cases per 100 000; 5.2 per 100 000 per year for ischemic lesions and 6.2 per 100 000 per year for hemorrhagic lesions. The period mortality ratio is 15.9%. The incidence in 2011 is 6.4 cases per 100 000; 2.3 per 100 000 per year for ischemic lesions and 3.2 per 100 000 per year for hemorrhagic lesions. Boys had a higher prevalence and incidence than girls, but there is no statistical significance. Infants with age < 2 years have a significantly higher prevalence and incidence of stroke (P < 0.001, P < 0.001). In contrast, age 6-9 subgroup has a significantly lower prevalence and incidence of stroke (P < 0.001, P < 0.001).
In socioeconomic status analysis, children in lowest household income level has higher prevalence (P < 0.05), and children of household income at level of 1 to19 999, has significant lower prevalence. There is no statistic significant urbanization level, and geographic location. However, children lived in rural area have higher mortality rate (21.4%) of pediatric stroke, but there is no statistic significant (Tables 1 and 2 ). 
Classification of pediatric stroke
According to our definition, the proportion of pure hemorrhagic stroke was 43.6%, ischemic stroke 36.1%, and TIA was 5%. Hemorrhagic stroke has a significantly higher mortality rate than ischemic stroke (26.1% vs. 10.5%, P<0.001, Table 3 and Figure 2 ).
Risk factors and the possible related underlying diseases for stroke
Risk factors or underlying diseases for stroke were identified in 77.8% (n ¼ 533) of the patients, and 16.2% (n ¼ 111) had more than one risk factor. The most common risk factors were vascular diseases (26.3%), infection (14.0%), cardiac disorders (9.1%) and Central Nervous System (CNS) neoplasms (7.6%). Other risk factors included hematological diseases, renal diseases, child abuse or shaken baby, autoimmune diseases, metabolic disorders and head trauma (Table 4 ). In addition, old history of cerebral palsy, major traumatic brain injury or long-term ventilator dependent respiratory failure is also important risk of pediatric stroke (5.1%). However, there is a clear different between hemorrhagic stroke and ischemic stroke in risk factor composition analysis. Moyamoya disease was one major cause for ischemic stroke (7.6%) and transient ischemic attack. Renal disorders, aneurysm, autoimmune disease and thalassemia were responsible for ischemic stroke. AVM (4.7%) or other cerebral vascular anomaly (17.9%), CNS neoplasms, hematological malignancy, idiopathic thrombocytopenia and abusive brain injury were significant responsible for hemorrhagic stroke than ischemic stroke. Table 5 were the list of numbers of most common risk factors of ischemic and hemorrhagic stroke, which guided by the current study.
Clinical manifestations
The most commonly associated codes related to clinical manifestations during admission were seizures (25.4%), hydrocephalus (10.8%), hemiplegia (9.9%) and hypertension (5.0%). Other common clinical manifestations are listed in Table 6 .
Discussion
The 2-year-period prevalence is 14.2 cases per 100 000. The period mortality ratio is 15.9%. The incidence in 2011 is 6.4 cases per 10 000. The result indicates that infant's age younger than 2 years and children in socioeconomic dependent family have a significantly higher risk of stroke (As shown in Figure 3 ). There is no obvious sex effect; however, infant boys (age <2 years) had a significantly higher risk than girls on prevalence (P<0.05) (as shown in Figure 4 ). Children in lowest household income level have a significant higher prevalence of stroke. Neither urbanization nor geographic locations affected the prevalence and mortality ratios. More than half of the children with stroke had underlying diseases, and the causes of hemorrhagic stroke are significantly different from ischemic stroke.
Literatures reported that roughly 10-25% of children with a stroke will die and up to 25% of children will have a recurrence. A study using the Global Burden of Disease (GBD) 2013 methods reported the mortality ratio was about 20%. 27 Similarly, our study reports that period mortality ratio is 15.9%. Hemorrhagic stroke has a significantly higher mortality ratio than ischemic stroke. A study focused on the trends in mortality from childhood stroke in England and Wales between 1921 and 2000, reported hemorrhagic stroke accounted for 71% of stroke deaths. 15 Studies suggesting coexistence of multiple risk factors predict poor outcome. 28 In this study, 77.8% of stroke children had risk factors or underlying diseases and 16.2% had more than one risk factor. According to most population-based studies in the USA, the pediatric stroke incidence was around 2.3-2.7 per 100 000 children per year (0.63-1.2 per 100 000 per year for ischemic lesions and 1.1 per 100 000 per year for hemorrhagic lesions). Boys were at a higher risk than girls, and black children were at a higher risk than white and Asian children. In 2013 GBD study, the prevalence rate of ischemic stroke was 4-to 5-fold higher in developing countries, compared to that in developed countries, while the prevalence rate for hemorrhagic stroke was approximately In studies reporting stroke in adults, 80% of strokes are ischemic and 20% hemorrhagic; in children, both types of stroke are equally common. 27 However, the result in Hong Kong showed 72% were ischemic and 28% were hemorrhagic. 21 In current study, our results are closer to global reports, but pediatric hemorrhagic stroke has a mild higher incidence, prevalence and significantly higher mortality rates than ischemic stroke. Several conditions have been considered to be associated with pediatric stroke, including vascular disorders, cardiac disorders and infections. Sickle cell disease, thalassemia and metabolic disorders are important risks for pediatric ischemic stroke; and a number of prothrombotic conditions 31 are responsible for hemorrhagic stroke. A retrospective study at a single institution in Taiwan reported trauma and mitochondria diseases are also important conditions to be associated with pediatric ischemic stroke. 23 These reports were consistent with our current findings, except sickle cell disease. In the current study, we found vascular disorders (58 patients or 21.8%) was the most common causes of pediatric ischemic stroke, especially Moyamoya disease. Studies reported strokes recur in one fifth of cases of later childhood arterial ischemic stroke, implied these patients might have arteriopathy and suggested perform cerebrovascular imaging for later childhood arterial ischemic stroke. 32 Differently, we found renal diseases, systemic vasculitis and old history of cerebral palsy are also major risks for pediatric ischemic stroke, it seems there are some ethic associated differences in risk factor pattern. Congenital and acquired heart disorders accounted for 12-28% of pediatric ischemic stroke in North America and Europe. [33] [34] [35] In Hong Kong, these disorders were identified in 42% of children with ischemic stroke, 21 and it was the second most common cause of stroke in a Turkey study. 36 However, we found cardiac disorders were less common causes of ischemic stroke (9.4%), it was similar to the results of the above mentioned study of a single institution in Taiwan. 23 Severe infections were found to be the second common associated condition in our patients. There were 53 cases could find out pathogens, and the most common pathogens were influenza (eight patients), pneumococcus pneumoniae (seven patients), tuberculosis (TB) (five patients) and Mycoplasma pneumoniae (five patients). Pathogen species and distribution (Table 4) were similar to the previous Taiwan study, 23 except higher rate of influenza infection. A study reported TB meningitis is still a risk factor for arterial ischemic stroke in Turkey, 36 addressed that TB is an important cause of stroke in children living in developing countries. However, it seems that TB is less common risk of stroke in Taiwan.
Retrospective case series suggest that pediatric hemorrhagic stroke is most often due to AVM, hematologic abnormality or brain tumor, 37 this echoes our research results. Specifically, we found abusive head trauma or shaken baby are also important risks for children with hemorrhagic stroke in Taiwan. A study reported one or more strokes in a child with abusive head trauma indicate a particularly severe injury. These children have longer hospital stays, greater hospital charges and a greater likelihood of needing a neurosurgical intervention. And they suggested that the word 'stroke' should not automatically imply arterial compromise in this population. 38 From literatures, hematological diseases are responsible to pediatric hemorrhagic stroke, 39 especially aplastic anemia, idiopathic thrombocytopenia, hemophilia and other coagulation defects 40 can extremely rarely cause ischemic stroke when compared to intracranial hemorrhages. However, we found that these diseases also account for some of the causes of ischemic stroke in children, especially thalassemia and coagulation defects. Studies favor hypocoagulable state of hemophilia and other coagulation defects patients might have a protective effect on thrombus, 41, 42 thus the risk of ischemic stroke in hemophilia and other coagulation defects patients in current study is doubt. Subjects' data with linking to the registry of catastrophic illness patients (HV 2010-11) of the NHIRD, the risk factors and the possible related underlying diseases are more reliable and comprehensive. These common risk factors included congenital vascular anomaly, congenital heart diseases, hematologic disorders, brain tumors and renal disorders. This report is the first comprehensive investigation of pediatric stroke in a crosssectional nationwide scale. The most important contribution of this study is we categorized which risks were responsible for ischemic stroke or hemorrhagic stroke, and we found the causes of hemorrhagic stroke are significantly different from ischemic stroke.
Similar to the most national database based studies, the major limitation is the heterogeneity of data from different centers. This would doubt the consistency of diagnosis and quality of cares. However, a study reported the validity (94% accuracy) of the NHIRD in cases with diagnosis of ischemic stroke was high. 43 Another study reported the mortality rate of patients with stroke has been shown to be similar between hospitals regardless of their accreditation level or location in Taiwan. 44 Other limitations to our findings are as follows. First, there is lack of immediate neurologic evaluation and neuroimaging study results in the database. Second, owing to no standardized records of neurologic evaluations, the collected clinical manifestation information in this study is limited. The registry of catastrophic illness in patients (HV 2010-11) of the NHIRD is used as a proxy for identifying patients with stroke causing moderate and severe disabilities. Therefore, the percentage of patients with severe permanent neurologic deficits like death, level of consciousness, cerebral palsy, hemiplegia, central DI, hydrocephalus and long-term dependence on ventilator are all computed by linked analysis. Future studies through more detailed records of neurologic functions, laboratory test and neuroimaging study results are warranted to understand the recovery process in pediatric stroke.
Conclusion
This research provides the largest nationwide, populationbased study of childhood stroke in Taiwan. Our findings suggest that infants younger than 2 years, boys and children in lower socioeconomic status have a significantly higher risk of stroke. Hemorrhagic stroke has a significantly higher mortality rate than ischemic stroke. More than half of the stroke children had underlying diseases, including congenital vascular anomaly, infections, congenital heart diseases, hematologic disorders, CNS tumors, hematological diseases and chronic renal disorders. The contribution of this study is we completely categorized which risks were responsible for ischemic stroke or hemorrhagic stroke. Furthermore, we found the causes of hemorrhagic stroke are significantly different from ischemic stroke. Because of the large patient cohort, this study provides important clinical information on the complete classification and etiological analysis of pediatric stroke would be a good guidance for the future research and management on this rare disease. When stroke or transient ischemic attack occurs, a comprehensive survey should be performed and detailed history about the associated underlying diseases should be noted. 
